The time-dependent Schrodinger equation for two quite general types of perturbation has been solved by introducing the Laplace transforms to eliminate the time variable. The resulting time-independent differential equation can then be solved by the perturbation method, the variation method, the variation-perturbation method, and other methods.
H* = ihat Conventionally, the time-dependent Schr6dinger equation is solved by the time-dependent perturbation method, which is based on a power series expansion in terms of the strength of the applied perturbation. The solution of the time-dependent Schr6dinger equation is the basis of calculating the transition probabilities for various processes, including the interaction of an electromagnetic field with matter, energy relaxation, and energy transfer.
Recently, the time-dependent Schrodinger equation of semi-classical radiation has been solved by Karplus and Kolker (1, 2) by using the so-called variationperturbation approach. According to this approach, the time-dependent wave function is expanded in terms of a power series of a perturbation parameter by regarding the interaction of radiation with the system as a perturbation, and the time-dependent Schr6dinger equation is then separated into an infinite set of coupled equations according to the order of the perturbation parameter. This set of coupled equations is solved by the variation method after suitably eliminating the time variable.
In the present investigation, we are concerned with the solution of the time-dependent Schr6dinger equation by using the Laplace transform method (3) . It is well known that under certain conditions one can eliminate the independent variable t, time, from partial differential equations by introducing the Laplace transformation (4) (5) (6) . It will be shown that after introducing the Laplace transform into the time-dependent Schrodinger equation, the resulting time-independent differential equation can be solved by using the variation method (7) or other approximation methods (7) . where H = HO + H', where H' is the perturbation. Introducing the Laplace transform (3) x(p) = L[x(t)] = e-P"x(t) dt (2) into Eq. 1, we obtain (9) Comparing Eqs. (5) and (6) with Eq. (9), we can see that Eq. (9) is just a result of a linear variation of (10) or equivalently, Eq. (9) (5) can also be solved by using the perturbation method or other methods like the Green function method, etc. (7) .
Once the Laplace transform of the time-dependent wave function is determined from Eq. (5) or Eq. (9), the time-dependent wave function I(r,t) can be obtained by the inverse Laplace transform (3) as follows 'I(r,t) = 2-. f eP'T(p,t)dp (11) where the contour y represents the path of integration taken along the imaginary axis shifted by an arbitrarily small positive quantity and the semicircle of infinite radius on the left half of the complex p-plane.
A PERTURBATION THAT IS TIME-INDEPENDENT
In this section, we shall discuss the solution of the timeindependent Schr6dinger equation of a time-independent perturbation. In this case, we have to solve Eq. (5). To solve Eq. (5), firstly, we use the perturbation method. For this purpose, we rewrite Eq. (5) as (H0 + XH' -_hp)'J'(p,r) = -ihJ(rO) (12) where X is the perturbation parameter. Expanding T(p,r) in X", Proc. Nat. Acad. Sci. USA cover a complete set of (pn(r), or 
By inverse Laplace transform of Ci(p) and C2(p) given in Eqs. (50) and (51), we obtain the exact solution for
Vol. 68, 1971 (49) (5) Combining Eq. (54) with Eqs. (55) and (56), we obtain the first iteration solution of Cl(p) and Cn(p),
The above approach can be applied to the discussion of radiative and nonradiative processes, and energytransfer in molecular luminescence (21) and ORD, MOR, CD, MCD, etc. (22, 23) . The time-dependent Schrodinger equation for the perturbation that has the time dependence shown in Eq. (4) can be solved similarly (compare Eqs. 12-57) and will not be produced here (24) .
In concluding the discussion, it should be noted that as usual the difference between the perturbation and variation methods in solving the differential equation resulting from the Laplace transforms of the timedependent Schrodinger equation, and hence in calculating the physical properties resulting from it, lies in the fact that the former usually gives rise to an infinite series which is difficult to handle, while the latter does not have this difficulty. But the accuracy of the calculation using the variation method depends on the trial wave function used. Also the damping effect can be taken into account easily by the variation method, when the damping effect is important. Although in this investigation, we use the Laplace transform method to eliminate the time variable from the time-dependent Schr6dinger equation, the same purpose can also be accomplished by using the Fourier transforms. 
This process can be repeated to obtain the higher order approximations. Next it will be shown that the first iteration solution of Eqs. (42) and (43) just described simply corresponds to expanding the determinant AN (ihp) as follows (11) ,
which results from using Cayley's theorem for the expansion of a determinant (11 (20) . n~o m'=o m! dp-n! dpn- The above relation can be easily generalized. 
